Objective: In light of increasing access to HAART in sub-Saharan Africa, we conducted a longitudinal study to assess the impact of HAART on sexual risk behaviors among HIVinfected South Africans in urban and rural primary care clinics.
Introduction
Increasing access to HAART has extended life and reduced morbidity and mortality among HIV-infected individuals [1, 2] . However, as HAART improves physical health, HIV-infected individuals may be more likely to engage in unsafe sex (i.e. risk compensation or behavioral disinhibition) [3] [4] [5] [6] . On the other hand, increased access to clinical care via HIV prevention counseling and receiving HAART may encourage reductions in sexual risk behavior. As HAART becomes more readily available in resource-limited settings, the relationship between treatment and sexual behavior also becomes more important [7, 8] . A key component of the recently proposed HIV prevention strategy of 'Universal Test and Treat,' in which everyone diagnosed with HIV infection is promptly initiated on HAART to decrease HIV transmission by reducing population viral load, partially depends on sexual risk behavior not increasing once individuals are on HAART [9, 10] .
South Africa has an adult HIV prevalence of 18.1% and has the largest HIVepidemic in the world with 5.7 million HIV-infected individuals [11] . Since 2005, a growing number of HIV-infected South Africans have gained access to HAART so that by 2007, a third of South Africans in need of treatment were receiving HAART [12] . In South Africa, the high prevalence of HIV is likely fueled by a range of high-risk sexual behaviors, including inconsistent condom use, early age at sexual debut, and multiple sex partners [13] [14] [15] [16] [17] .
Secondary prevention efforts that aim to decrease the risk of HIV transmission from already infected individuals through behavioral and biomedical interventions have yet to be widely implemented in southern Africa [7, 18] . There is some evidence that HAART may not be associated with an increase in sexual risk-taking behavior in sub-Saharan Africa [19] , though much of these data have included limited patient follow-up, were crosssectional, or were taken exclusively from high-risk groups [19] [20] [21] [22] [23] [24] [25] [26] . With increasing efforts to expand treatment access and secondary prevention in the region, quantifying and comparing potential shifts in sexual behaviors over time among populations of HAART initiators remains an urgent priority.
We examine the relationship between HAART status and being sexually active, having unprotected sex, and having more than one sex partner before and after HAART initiation, overall and stratified by sex, among an operational cohort of South African men and women enrolled in urban and rural primary care programs.
Methods

Setting and participants
Between June 2003 and January 2010, HIV-infected patients were recruited to participate in an operational cohort study at HIV primary care and support clinics in urban and rural South Africa. Eligible participants were at least 18 years old, HIV-infected, and had given written informed consent. The urban clinic was at the Perinatal HIV Research Unit (PHRU) at Chris Hani Baragwanath Hospital in Soweto, and the rural at Tintswalo Hospital in Mpumalanga Province. Participants were either selfreferred for HIV care or were referred from mother-tochild transmission prevention programs, hospital wards, or HIV counseling and testing programs.
Clinical care, delivered primarily by nurses with physician oversight, included the following HIV-related clinical services: symptom screening for sexually transmitted infections (STIs) and tuberculosis [27] , prophylactic treatment for opportunistic infections, treatment for STIs and HIV-related opportunistic infections, annual cervical smears [28] , and female family planning methods. Clinical and research study personnel underwent training sessions that involved rehearsing the survey questions, training in nonjudgmental survey delivery, and instruction in prevention counseling. Since 2004 at PHRU and 2005 at Tintswalo, participants were referred for or offered HAART when they were diagnosed with WHO stage 4 disease or when their CD4 cell counts fell below 200 cells/ml per South African guidelines [29, 30] . Patients were enrolled in care prior to treatment initiation and gave written informed consent prior to data being collected. At the time of HAART initiation, all patients were offered adherence counseling. All care was provided free of charge. The Ethics Committee at the University of the Witwatersrand approved this study.
Data collection
At baseline, participants were interviewed using a standardized questionnaire that collected demographic, socioeconomic, behavioral, and health history information. Participants were interviewed using a similar instrument at data collection visits scheduled 4-7 months apart, but could visit the clinic at any time for care. Laboratory data included CD4 cell count at baseline and every 6 months. For the current study, we assessed sociodemographic variables: age, employment, urban or rural residential status, marital status, number of people living in household, and current contraception status (for women); and behavioral variables: sexual activity, alcohol use, needing assistance in completing daily activities (as a measure of general health status), and disclosure of HIV status. At baseline and study follow-up, participants were asked about their sexual behaviors, including whether or not they had a regular partner, whether they had a casual sex partner, and the frequency of condom use with both regular and casual partners (if they had one). Recall for these questions was since the last clinic visit. Information on condom use for each partner type was collected using categorical variables, and consistent condom use was defined as self-report of always using a condom with a sex partner. These measures of sexual behavior have been employed in this setting [31] .
Statistical analyses
We assessed three measures of self-reported sexual behavior as outcomes in the current study: being sexually active; having unprotected sex with a regular and/or casual partner; and having more than one sex partner. As not all participants reported a regular or casual sex partner, we first examined factors associated with being sexually active. The outcomes of having unprotected sex and having more than one sex partner were analyzed only among those who reported being sexually active. We restricted our analyses to CD4 cell counts taken within 90 days of a study visit. Data were analyzed according to an intent-to-treat analysis, in which once participants were initiated on HAART, they were considered HAARTexperienced at all subsequent clinic visits. To assess the effect of HAART initiation on potential changes in sexual risk behavior, we compared sexual behavior during pre-HAART visits to behavior reported after HAART initiation. After introducing HAART status -the primary predictor variable -into the models, each covariate was introduced into the three models to assess potential confounding based either on a change of at least 10% of the nonlog transformed beta coefficient of independent risk factors, or a priori confounders based on a review of earlier studies. The three sexual behavior outcomes were assessed as time-varying outcomes. CD4 cell count and HAART status were adjusted for as time-varying covariates. The baseline status of all other sociodemographic and behavioral covariates was also adjusted for in the models. We controlled for time-dependent changes in risk behavior by adjusting for years since enrollment in care via calendar year category (2002-2004, 2004-2006, and 2006-2009) [24] . We employed generalized estimating equations (GEEs) with a logit link and exchangeable correlation structure to assess the impact of HAART on sexual risk behavior utilizing PROC GENMOD in SAS [32] . To further examine within-participant variation (i.e. treatment effect) while still controlling for stable participant characteristics, we also employed fixed effects regression methods utilizing PROC LOGISTIC in SAS [33] ; however, this analysis was broadly similar to the GEE analysis and is, therefore, not presented here. We examined three multivariable models of sexual behavior using GEE, namely, being sexually active (Model I), unprotected sex (Model II), and having more than one sex partner (Model III). In a sensitivity analysis, these three outcomes were reexamined by restricting analyses to those participants who initiated HAART during follow-up. We also assessed the impact of CD4 cell count on sexual behavior through examining clinic visits for which CD4 cell count data were available. All analyses used STATA (version 10.0; STATACORP, College Station, Texas, USA) and SAS (version 9.2; SAS Institute, Cary, North Carolina, USA) software.
Results
Characteristics of participants
Between 2003 and 2009, there were a total of 6263 participants, of whom 4719 (75.3%) were women, accounting for a total of 19703 clinic visits (4479 for men and 15224 for women). During the study period, 2332 participants (37.2%) initiated HAART, of whom 71.7% were women. Table 1 presents the characteristics of all 6263 participants, stratified by sex and treatment status. The median age at study enrollment was 33.8 years [interquartile range (IQR): 29.1-40.0] and the median CD4 cell count at study enrolment was 253 cells/ml (IQR: 110-440). The urban cohort was larger (65.3%), and most participants were unemployed (76.4%) and never married (53.8%). At baseline, most (87.3%) had disclosed their HIV status, and 33. At study enrollment, compared to those who did not initiate HAART, participants who did start HAART during the study were less likely to be women (71.7 vs. 77.5%; P < 0.0001), to be urban residents (42.6 vs. 78.7%; P < 0.0001), to be employed (18.3 vs. 26.8%, P < 0.0001), and to be never married (48.6 vs. 56.9%; P < 0.0001), and were more likely to be older (age >40 years: 32.6 vs. 20.5%; P < 0.0001). Table 2 presents the frequency of being sexually active (Model I), reporting unprotected sex (Model II), and having more than one sex partner (Model III) at visits before and after HAART initiation. Out of a total of 9568 pre-HAART and 3496 post-HAART visits, participants were more likely to be sexually active before HAART compared to after HAART initiation (70.7 vs. 56.6%; P < 0.0001). By partner type, participants with both a primary and casual partner, a primary partner only, and a casual partner only, reported a higher frequency of being sexually active before HAART initiation compared to after HAART initiation (P < 0.0001). Both men and women were more likely to report being sexually active before HAART initiation (P < 0.0001). In regard to unprotected sex, of 13064 visits at which sexual activity was reported, participants reported unprotected sex at 1968 pre-HAART (20.6%) visits compared to 346 post-HAART (9.9%) visits (P < 0.0001). By partner type, participants with both a primary and casual partner and only a primary partner reported a higher frequency of unprotected sex before HAART initiation than after HAART initiation (P < 0.05). Both men and women reported unprotected sex at a higher frequency before HAART initiation (P < 0.0001). Of 600 visits during which having more than one sex partner was reported, participants reported having more than one sex partner at 542 pre-HAART (5.7%) visits compared to 58 post-HAART (1.7%) visits (P < 0.0001), a difference that held across sexes. We also examined these three sexual behavior outcomes only among the subset of participants who initiated HAART who contributed a total of 9032 visits. Similar to the analyses above, participants reported a higher frequency of being sexually active, engaging in unprotected sex, and having more than one sex partner at pre-HAART visits compared to post-HAART visits (P < 0.0001).
Sexual behavior and HAART
Adjusted analyses of HAART and being sexually active (Model I) overall and stratified by sex
Overall, the likelihood of being sexually active decreased after HAART initiation [adjusted odds ratio (AOR): 0.86 (95% confidence interval, CI: 0.78-0.95); P ¼ 0.0036], and this decrease was greater for women [AOR: 0.40 (95% CI: 0.35-0.46); P < 0.0001] than for men [AOR: 0.90 (95% CI: 0.74-1.08); P ¼ 0.2745; see Table 3 ].
Other independent predictors of decreased sexual activity included female sex [AOR: 0.76 (95% CI: 0.66-0.87); Though not significant predictors overall, needing assistance with daily activities for men and unemployment, hormone-based contraception, and disclosure of HIV status for women were significantly associated with unprotected sex.
Adjusted analyses of HAART and having more than one sex partner (Model III) overall and stratified by sex Overall the likelihood of having more than one sex partner decreased after HAART initiation [AOR: 0.20 (95% CI: 0.14-0.29); P < 0.0001], and this decrease was greater for women [AOR: 0.09 (95% CI: 0.05-0.17); P < 0.0001] than for men [AOR: 0.35 (95% CI: 0.23-0.53); P < 0.0001; see Table 5 ]. Other independent predictors associated with a decreased odds of having more than one sex partner were female sex Though not significant predictors overall, urban residential status and disclosure of HIV status for men and older age (AOR for >40 years) for women were significantly associated with having more than one sex partner.
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Sensitivity analyses
Restricting analyses to the subset of 2307 participants who initiated HAART during follow-up time did not alter the overall association between HAART and being sexually active [AOR: 0.87 (95% CI: 0.77-0.98); P ¼ 0.0238], unprotected sex [AOR: 0.43 (95% CI: 0.36-0.52); P < 0.0001], and having more than one sex partner [AOR: 0.17 (95% CI: 0.12-0.24); P < 0.0001]. Additionally, to examine the impact of behavior change following HAART initiation that was independent of CD4 cell count, we examined the three behavioral outcomes adjusting for CD4 cell count in the 5704 visits with CD4 cell counts (65.2% were pre-HAART and 34.8% were post-HAART); outcomes were consistent with the earlier analyses for the association between HAART and being sexually active [AOR: 0.78 (95% CI: 0.67-0.93); P ¼ 0.0047], unprotected sex [AOR: 0.32 (95% CI: 0.23-0.44); P < 0.0001], and having more than one sex partner [AOR: 0.25 (95% CI: 0.13-0.50); P < 0.0001]. We also assessed effect modification by strata of CD4 cell count based on cut-offs that have been considered for treatment initiation (<200 cells/ml, 200-350 cells/ml, vs. >500 cells/ml) and these stratum-specific AORs were not significantly different from each other, suggesting that sexual risk behavior did not differ by CD4 cell count strata.
Discussion
In this population of HIV-infected South African men and women enrolled in urban and rural primary care programs, we documented a strong and sustained reduction in sexual risk behaviors following HAART initiation. Among both men and women in these two cohorts, we observed reductions in those reporting sexual activity, unprotected sex, and more than one sex partner, suggesting that HAART in this population is not associated with risk compensation. Furthermore, these findings were independent of CD4 cell count. To our knowledge, this is one of the first studies to report on sexual risk among a longitudinal HIV-infected cohort spanning nearly a decade of observation before and after HAART initiation in a resource-limited setting. These findings add to our understanding of how HAART could 2692 AIDS 2010, Vol 24 No 17 further assist in reducing the secondary transmission of HIV.
There has been a paucity of longitudinal data examining the relationship between initiating HAART and sexual risk among HIV-infected Africans. Our findings from a large clinic-based sample of men and women provide greater generalizability than earlier studies from the region. Recent data from HIV-infected female sex workers in Kenya found that unprotected sex but not the number of sex partners decreased following HAART initiation [24] . Also, recent national survey data from Cameroon showed that HAART was associated with consistent condom use [25, 26] . South African and Kenyan cohorts with 12 months of HAART follow-up have also documented a decrease in the frequency of unprotected sex [34, 35] . A clinic-based cohort from Uganda found that though sexual activity increased following HAART, condom use increased and the number of sex partners decreased [36] . An earlier Ugandan cohort with up to 6 months of HAART also documented reductions in risky sexual behavior [23] .
Recent cross-sectional studies from African settings have also suggested that HAART was not associated with increased sexual risk behaviors [20] [21] [22] 37] . In contrast, a study from Cote d'Ivoire found that unprotected sex significantly increased during the first 6 months of treatment [38] . Differing results in these settings highlight the complexity of measuring the association between HAART and sexual behavior and variations in study populations and treatment program characteristics. As HAART continues to be rolled-out in resource-limited settings and an increasing number of individuals are on treatment for an extended period of time, further Sexual behavior and HAART Venkatesh et al. 2693 quantitative and qualitative research should examine whether initial decreases in sexual risk behavior are sustained and reasons for this. While epidemiological studies can examine whether individuals on treatment engage in sexual risk behaviors, qualitative and biological data are needed to understand specific reasons for reductions in sexual risk behaviors. We unfortunately have no evidence for reasons for our findings; however, apart from counseling prior to HAART initiation, other reasons may include treatment optimism and metabolic effects of HAART.
Sexual activity was reported at two-thirds of study visits overall and decreased following HAART initiation. Data from Uganda and Cote d'Ivoire suggest that a substantial number of patients on HAART do not engage in sexual activity [21, 39] . In the current study, despite the finding that HAART was not associated with an increase in unprotected sex, many participants still engaged in unprotected intercourse and hence, the potential risk for HIV transmission persists. Earlier data from South Africa have documented high levels of unprotected sex (i.e. 30-50%) among HIV-infected individuals [40] . It is important that HIV clinical care programs continue to emphasize consistent condom use even after initiating therapy.
Overall urban residents were less likely to report unprotected sex or multiple sex partners. It is possible that urban residents have greater access to prevention messages. Participants who had disclosed their HIV status were less likely to engage in sexual risk behaviors. HIV disclosure was very high in this population (>80%) at clinic enrollment and may suggest that many patients could negotiate condom use and discuss sensitive issues such as sex and relationships with their partners [35] . These findings are similar to an earlier cross-sectional analysis we undertook prior to the wider roll-out of HAART [31] . Additionally, unprotected sex was more frequent among couples who were married or living together, which is in accordance with earlier data from Africa [23] . Data from Uganda among discordant couples showed that HAART was associated with reduced HIV transmission risk and sexual risk behavior decreased following enrollment [41] . Due to the fact that HIV discordance is common within African couples, couplebased prevention in care settings remains important [39, 42, 43] .
The current study included only patients enrolled in primary care programs in which they received ongoing counseling and prevention messages, and hence patients may have been less likely to report risky sexual behaviors. However, study staff received training to ask questions in a nonjudgmental manner to minimize social desirability. Also, due to the comprehensive care and prevention package, it is not possible to disentangle the relative effects of prevention activities, counseling, and condom provision from the effects of providing HAART. It is possible that the documented reductions in sexual risk 2694 AIDS 2010, Vol 24 No 17 behavior may have occurred due to the comprehensive nature of care as opposed to HAART alone. Although the current open cohort spanned an 8-year period, participants had two to three visits after initiating HAART, and further longitudinal follow-up will be needed to examine longer-term sexual risk behaviors on HAART. Additional variables that are important determinants of sexual risk behavior that we were unable to assess include desire for children, involvement in commercial sex, drug use, and primary partner HIV status. The current study used a 6-month recall period for sexual risk behaviors, but a shorter period may have been warranted to assess specific sexual behaviors such as condom use. We are unable to comment on reasons for losses to follow-up as this information was not systematically collected, which could have biased these findings. Although the current study utilized both GEE and fixed effects models, bias induced by missing data during follow-up could have occurred [44] . Though patients who did not initiate HAART varied on sociodemographic characteristics, we adjusted for these variables in our multivariable analysis and also conducted further sensitivity analyses excluding patients who did not initiate HAART. To elucidate the impact of HAARTon within participant sexual behavior, we also conducted further analyses using fixed effects modeling, and those findings were consistent with the analyses presented here.
Strengths of the current study include prospective data collection before and after HAART initiation. Participants received the same clinic-based HIV prevention and counseling services before and after HAART initiation, reducing potential information bias. A large sample size allowed us to examine a range of confounding variables in our models. We also assessed sexual behavior using a variety of relevant outcome measures, which demonstrated consistent changes toward lower levels of risk taking. Earlier studies in this region have often had short study follow-up or limited generalizability due to being conducted among high-risk subpopulations. The current study can be generalized to HIV-infected patients receiving primary care in both urban and rural settings in sub-Saharan Africa where HAART is increasingly available.
To develop effective secondary prevention interventions in African settings in the era of expanding access to treatment, a broad evidence base about patterns of sexual risk behaviors among HIV-infected individuals before and after initiating HAART is necessary. The current study documents consistent behavioral risk reduction following HAART and provides evidence for the use of HAARTas a means of HIV prevention. The public health benefits through the use of HAART for prevention depend not only on the number of individuals treated, but also that treated individuals do not massively increase sexual risk-taking behaviors [45, 46] . More interventions are needed to promptly initiate HIV-infected individuals on treatment in resource-limited settings and to consider providing HAART to individuals who currently do not meet treatment guidelines as they may be at considerable risk for transmitting HIV. Integrating access to prompt treatment with appropriate counseling and prevention programs could reduce HIV transmission in the hyperendemic settings of southern Africa.
